Introduction
Two formulations of the glucagon-like peptide-1 receptor agonist (GLP-1RA) exenatide are now available in the USA and the European Union for the improvement of glucose control in patients with type 2 diabetes: exenatide twice daily (BID) and exenatide once weekly (EQW). In the EQW formulation, exenatide is encapsulated in poly(d,l-lactide-co-glycolide) microspheres, allowing for gradual delivery of exenatide (1) . With weekly injections, the therapeutic threshold of exenatide is reached 2 weeks after initiation and steady-state concentrations occur within 6-10 weeks (2) . Exenatide once weekly is approved in the USA for the treatment of type 2 diabetes as monotherapy or as adjunctive therapy in patients who are treated with metformin (MET), a sulfonylurea (SU), a thiazolidinedione (TZD), a combination of MET and an SU, or a combination of MET and a TZD (3) .
Patients with type 2 diabetes can have a wide range of baseline and demographic characteristics. However, data are limited on the effects of these characteristics on the efficacy and tolerability of GLP-1RAs. Both liraglutide and exenatide BID have been reported to be effective in patients of different races (4) (5) (6) . Results from a pooled analysis of liraglutide clinical studies showed that liraglutide was similarly effective on glycaemic end-points in patients aged < 65 years as in those aged ‡ 65 years (7) . Pooled analyses of exenatide BID studies reported data stratified by a variety of baseline characteristics (8, 9) . In those analyses, exenatide BID was associated with improved glycaemic control and body weight, and beneficial effects on blood pressure and lipids in patients regardless of baseline characteristics.
S U M M A R Y
Objective: Patient numbers in individual diabetes trials are often too limited to assess the effect of a treatment by different patient characteristics, and metaanalyses often do not include patient-level data. The purpose of this pooled analysis was to evaluate the efficacy and tolerability of exenatide once weekly (EQW) in patients with type 2 diabetes grouped into subpopulations by key demographic characteristics. Methods: This post hoc analysis included data from patients who received EQW in seven randomised, controlled phase 3 trials that were 24-30 weeks in duration. Patients were classified into subpopulations on the basis of their baseline age (< 65 or ‡ 65 years), gender (male or female), race (White, Black, Asian, Hispanic), duration of diabetes (< 10 years, ‡ 10 years) and body mass index (BMI; < 25, ‡ 25 to < 30, ‡ 30 to < 35, ‡ 35 to < 40 or ‡ 40 kg ⁄ m 2 ). Results: A total of 1719 patients were included in this analysis of patient subpopulations. All subpopulations experienced significant improvements from baseline in haemoglobin A1C, fasting glucose and body weight. Most subpopulations experienced significant improvements in blood pressure and lipid parameters. Overall, the most common AEs were hypoglycaemia (16.4% overall; 2.3% in patients not on concomitant sulfonylurea), nausea (14.7%), diarrhoea (10.9%) and nasopharyngitis (7.2%). Conclusion: These results show that the treatment of type 2 diabetes with EQW for 24-30 weeks was associated with significant improvements in glycaemic control and body weight, irrespective of age, gender, race, duration of diabetes or BMI. The most common adverse events were gastrointestinal in nature.
What's known
There have been few pooled analyses of data from studies of glucagon-like peptide-1 receptor agonists that evaluated the efficacy and tolerability of these drugs grouped by different subpopulations of patients. However, such an analysis of data from exenatide twice daily clinical studies found that this medication was effective and tolerated in patients across a range of baseline and demographic characteristics.
What's new
The results of the current analysis revealed that the treatment with exenatide once weekly was associated with significant improvements in glycaemic control and body weight, irrespective of age, gender, race, duration of diabetes or body mass index. There did not appear to be any striking differences in the incidences of adverse events between subpopulations, and the rates of withdrawal because of adverse events was similar between subpopulations.
Numerous controlled clinical trials with EQW have been conducted in patients with a range of baseline and demographic characteristics. However, a comprehensive analysis of the efficacy and tolerability of EQW stratified by these characteristics has not yet been reported. In this pooled analysis, the efficacy and tolerability of EQW in patients stratified into subpopulations [i.e. age, gender, race, body mass index (BMI) and duration of diabetes] were explored.
Research design and methods

Study and patient selection
Fourteen clinical studies with a 2-mg dose of EQW have been conducted. Studies included in this analysis were selected based on the following criteria: (i) randomised and controlled; (ii) 24-30 weeks in duration; (iii) concomitant SU use was managed consistently with the EQW development programme (i.e. studies that required sustained reductions in SU doses were excluded); (iv) end-points included A1C, fasting glucose (FG), body weight, blood pressure and lipids. Seven studies from the phase 3 development programme met these criteria (see Figure 1 for a flow chart of the included ⁄ excluded studies). The main results of these studies have been previously reported (10) (11) (12) (13) (14) (15) (16) . All studies included in this study were conducted in accordance with the Declaration of Helsinki (1964), including the current Seoul revision (2008, when applicable), and were consistent with Good Clinical Practice and applicable laws and regulations. All patients provided written informed consent before participation in the original clinical trials.
Analysis methods
The following subpopulations were identified as being of clinical importance: age (< 65 or ‡ 65 years), gender (male or female), race [White, Black, Asian (either South or East Asian) or Hispanic], duration of diabetes (< 10 or ‡ 10 years) and BMI (< 25, ‡ 25 to < 30, ‡ 30 to < 35, ‡ 35 to < 40, or ‡ 40 kg ⁄ m 2 ). Patients were categorised into each of the subpopulations for the analysis. Baseline and demographic characteristics (mean ± SD where applicable) were reported for each subpopulation.
Baseline, end-point and change from baseline of A1C, FG, body weight, blood pressure and lipid parameters were summarised descriptively for all subpopulations. Ninety-five per cent confidence intervals (CIs) were calculated for the change from baseline data. p Values were provided for the withingroup comparison for end-point vs. baseline using the paired t-test. The last observation carried forward method was implemented to handle missing data from patients who discontinued early. Forest plots were provided for change in A1C, FG and body weight.
Adverse events (AEs) with an incidence of ‡ 5% in the overall population were tabulated. AEs leading to withdrawal were tabulated. Hypoglycaemia was assessed and characterised using the following criteria: major hypoglycaemia included events that (i) in the judgment of the investigator or physician, resulted in a loss of consciousness, seizure, or coma and resolved after the administration of glucagon or glucose; or (ii) required third-party assistance to resolve and had a glucose value of < 3 mmol ⁄ l. Minor hypoglycaemia was defined as a report of symptoms consistent with hypoglycaemia and a 
Results
Baseline and demographic characteristics
A total of 1719 patients were included in the analyses. Only 20 patients were in the 'Other' racial category and were excluded from the race subpopulation analysis. Additionally, 11 patients did not have baseline BMI measurements and were excluded from the BMI subpopulation analysis. Overall, the mean (SD) age was 55 (10) years, the mean baseline A1C was 8.5% (1.1%) and the mean baseline weight was 87.4 (20.5) kg. Of note, there were differences in the numbers of patients in the different racial subpopulations, with more White than non-White patients (Table 1) . Also, there were relatively few patients in the ‡ 65-year age subpopulation and in the ‡ 10-year duration of diabetes subpopulation, compared with the < 65-year age subpopulation and the < 10-year duration of diabetes subpopulation, respectively (Tables 1 and 2 ). There were also notable differences across the different subpopulations with regard to baseline and demographic characteristics. As may be expected, older patients ( ‡ 65 years) tended to have a greater duration of diabetes than did younger patients (< 65 years). Body weight was typically lower in the older patients, females and Asians than that in, respectively, younger patients, males and patients in other racial subpopulations. There was higher SU use among White and Asian patients than that among Black and Hispanic patients. Baseline A1C tended to be lower in White patients than that in patients in other racial subpopulations.
Efficacy
Age
Significant improvements from baseline in A1C, FG, body weight, blood pressure and lipids (except triglycerides and HDL cholesterol in patients ‡ 65 years) were seen in both younger (< 65 years) and older ( ‡ 65 years) patients with EQW treatment (Table 3 ; Figure 2 ).
Gender
Significant improvements from baseline in A1C, FG, body weight, blood pressure and lipids were seen in both male and female patients in response to EQW (Table 3; Figure 2 ). BMI, body mass index.
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Race
Significant improvements from baseline in A1C, FG and body weight were evident in all of the racial subpopulations treated with EQW (Table 3 ; Figure 2 ). Significant improvements in both systolic and diastolic blood pressure were seen in the White and Asian subpopulations, a significant improvement in systolic blood pressure was seen in the Hispanic subpopulation and no significant change in blood pressure was seen in the Black subpopulation (Table 3 ). Significant improvements in all of the lipid parameters were seen in the White and Asian subpopulations [other than high-density lipoprotein (HDL) cholesterol in the Asian subpopulation], significant improvements in non-HDL cholesterol and total cholesterol were seen in the Hispanic subpopulation and no significant change in lipid parameters were seen in the Black subpopulation ( Table 3) .
Duration of diabetes
Significant improvements from baseline in A1C, FG, body weight and lipids (except HDL cholesterol) were seen in patients with a shorter (< 10 years) or longer ( ‡ 10 years) duration of diabetes (Table 4 ; Figure 2 ). Significant improvements in both systolic and diastolic blood pressure from baseline were seen in patients with a shorter duration of diabetes, whereas a significant improvement only in systolic blood pressure was seen in patients with a longer duration of diabetes (Table 4) .
Body mass index
Significant improvements from baseline in A1C, FG, body weight and systolic blood pressure were evident in all of the BMI subpopulations (Table 4 ; Figure 2 ). A significant improvement in diastolic blood pressure from baseline was evident in the ‡ 30-to < 35-kg ⁄ m 2 subpopulation only (Table 4 ). Significant improvements from baseline in low-density lipoprotein (LDL) cholesterol, non-HDL and total cholesterol were evident in the < 25 kg ⁄ m 2 and ‡ 25 to < 30 kg ⁄ m 2 subpopulations (Table 4 ). Significant improvements from baseline in HDL, LDL, non-HDL and total cholesterol were evident in the ‡ 30-to < 35-kg ⁄ m 2 subpopulation (Table 4 ). Significant improvements from baseline in non-HDL and triglycerides were evident in the ‡ 35-to < 40-kg ⁄ m 2 subpopulation (Table 4 ). Significant improvements from baseline in HDL, non-HDL, total cholesterol and triglycerides were evident in the ‡ 40-kg ⁄ m 2 subpopulation (Table 4) .
Tolerability
Overall, the most common AEs were hypoglycaemia (16.4%), nausea (14.7%), diarrhoea (10.9%) and BMI, body mass index. Table 3 Efficacy end-points in the age, gender and racial subpopulations nasopharyngitis (7.2%) (see Tables 5 and 6 for common AEs by subpopulation). Hypoglycaemia was more common among patients who were taking a concomitant SU than that among patients who were not (Tables 5 and 6 ), and there were no episodes of major hypoglycaemia. The rates of withdrawals because of AEs were low across all subpopulations (range, 2.1-5.9%); the most common AEs leading to withdrawal overall were injection-site pruritus (n = 8, 0.5%), nausea (n = 6, 0.3%) and diarrhoea (n = 5, 0.3%).
Discussion
Considering that nearly 26 million people in the USA have diabetes (17) , the demographic and physiological characteristics of individual patients within that population vary widely. Typical clinical studies for diabetes drug development are powered to assess glycaemic control against placebo or active comparators for the overall population and often lack sufficient power to assess drug effects within subpopulations of patients. Use of aggregate data from similarly designed trials can increase patient numbers to allow for exploratory analysis of more specifically defined populations.
In these pooled analyses of seven phase 3 EQW studies, clinical data were stratified by baseline age, gender, race, duration of diabetes and BMI. Results of these analyses were consistent with those of the individual trials and showed that the treatment with EQW was associated with significant improvements in glycaemic control from baseline (i.e. A1C and FG) across these different baseline characteristics. Results also showed that significant improvements in body weight were observed in all of the subpopulations. No across-subpopulation statistical comparisons were conducted; however, results of these analyses may be used to qualitatively compare efficacy and tolerability variables across different subpopulations of patients.
Changes in A1C and FG from baseline were fairly similar across subpopulations. Although body weight was significantly reduced in all subpopulations, there was a tendency for greater improvement in the female subpopulation than in the male subpopulation. In addition, there appeared to be progressively greater weight loss with higher baseline BMI.
The use of EQW was associated with significant improvements in systolic blood pressure in all subpopulations other than the Black subpopulation. Significant improvements in diastolic blood pressure were observed in all of the age and gender subpopulations. Diastolic blood pressure also significantly improved in the White, Asian, duration of diabetes < 10 years and BMI ‡ 30 to < 35 kg ⁄ m 2 subpopulations. Overall, significant improvements in lipid parameters were generally observed in all of the age (other than triglycerides in the ‡ 65-year subpopulation), gender (other than HDL cholesterol in the female subpopulation) and duration of diabetes (other than HDL cholesterol) subpopulations. Significant changes in lipids were scattered in the BMI subpopulations. In general, significant improvements in lipid parameters were seen in the White and Asian (other than HDL cholesterol) subpopulations but Figure 2 Mean (95% confidence interval) change from baseline to end-point in A1C (A), fasting glucose (B) and body weight (C) for each subpopulation Table 4 Efficacy end-points in the duration of diabetes and body mass index subpopulations Exenatide once weekly for the treatment of type 2 diabetesnot in the Black or Hispanic (other than non-HDL and total cholesterol) subpopulations. Together, these data show that many of the subpopulations had significant improvements in blood pressure and ⁄ or lipid parameters other than the Black subpopulation. Evaluation of the tolerability data showed that the most common AEs overall were gastrointestinal in nature (i.e. nausea and diarrhoea). There did not appear to be any striking differences in the incidences of AEs between subpopulations other than a higher incidence of nausea, vomiting and diarrhoea in females than in males. The reason for this gender difference remains unknown and warrants further investigation. Of note, nausea is typically mild to moderate in intensity and the incidence of nausea decreases over time with continued EQW treatment (14) . Injectionsite nodules were a commonly reported AE. A report on the EQW formulation suggested that injection-site nodules were the result of a mild foreign body reaction in response to the microspheres of the EQW formulation (2) . It was also noted that nodules were typically transient and generally resolved without medical intervention (2) . Consistent with the individual clinical trials, hypoglycaemia was primarily associated with concomitant SU use. This safety profile of is consistent with that of a similar pooled analysis of exenatide BID studies (8, 9) , with the exception of a higher incidence of injection-site reactions with EQW. Furthermore, studies that compared EQW with exenatide BID noted a lower incidence of nausea and vomiting associated with EQW (10, 14) .
A strength of these analyses was that individual patient data for each of the trials was used, in contrast with typical meta-analyses that use aggregate summary statistics for individual trials. Moreover, the designs of the phase 3 studies for EQW included herein were similar enough to allow for pooled analyses. Limitations of the current analyses include the small numbers of patients in some subpopulations, the lack of a control arm and no adjustment for potentially confounding variables.
In conclusion, the results of these pooled analyses revealed that the treatment with EQW was associated with significant improvements in glycaemic control and body weight, irrespective of age, gender, race, duration of diabetes or BMI. Other than hypoglycaemia, the most common AEs overall were gastrointestinal in nature.
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